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(S) Security paper and method of manufacturing same. 

® A security paper comprising a first layer of paper having an inner surface and an outer surface, a 
second layer of paper having an inner surface and an outer surface, and an authentication indicator 
disposed on an inner surface of at least one of said layers of paper ; the inner surfaces of said layers of 
paper being affixed relative to each other to form a lamination with said authentication indicator being 
disposed therebetween and said authentication indicator being substantially imperceptible in said 
security paper in reflected light of visible wavelength. In a preferred embodiment, the security paper 
includes two layers of paper each having predetermined mechanical properties, color and optical 
density. Authentication indicia are printed on the inner surface of at least one layer. The indicia are 
formed of a chemically, mechanically and thermally stable medium. A chemically, mechanically and 
thermally stable adhesive permanently adheres the inner surfaces of the layers together. The color and 
optical density of the layers, the color, color intensity and optical density of the medium and the color 
and optical density of the adhesive are chosen to render the authentication indicia substantially 
imperceptible in reflected light but detectable In transmitted light 
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The present invention relates to security paperfor 
use as currency, negotiable Instruments, documents 
representing monetary or property assets, passports, 
transcripts and any other document which because of 
its inherent value is subject to forgery, counterfeiting, 
etc., and relates to the method of manufacturing the 
security paper. In particular, the invention is directed 
to security paper having authentication indicia detect- 
able in transmitted light but substantially impercept- 
ible in reflected light 

Description of Related Art 

A paper entitled "Counterfeiting Trends and 
Deterrent Measures" authored by the Committee on 
U. S. Currency, National Materials Advisory Board 
and published in 1987 discusses various options 
available to inhibit counterfeiting of currency, particu- 
larly in view of advances in high quality reprographic 
systems and advances in computer publishing 
capabaities. The paper enumerates various modifi- 
cations to currency paper and to currency printing 
techniques which may be used to frustrate counterfei- 
ters having access to modern high technology equip- 
ment Among those considered most effective for 
currency use were various modifications of the paper 
substrate such as the incorporation of the security 
threads, water marks or other substrate modifications 
which would present authentication indicia in trans- 
mitted light but which would be invisible in reflected 
light 

While the paper mentioned above addressed cur- 
rency counterfeiting, the need for security paper 
which would frustrate counterfeiting of other docu- 
ments such as negotiable instruments, stock and 
bond certificates, invoices, labels, receipts, 
passports, property title, transcripts, licenses, lottery 
tickets, coupons and the like is evident Modem com- 
puters, desktop publishing systems, optical scanners 
and photocopiers present forgers with a previously 
unavailable opportunity to reproduce illegally numer- 
ous documents having inherent value. The scope of 
such activities has been reported in "Desktop 
Forgery", Forbes, pp. 246-254 (Nov. 27, 1989), and 
"Forgery in the Home Office", Time, pp. 69-71 (Mar. 
26, 1990). These articles indicate the urgent need for 
a security paper having authentication indicia which 
cannot be reproduced by instruments using reflected 
light, such as photocopiers and optical scanners. 

For such security paper to effectively inhibit 
forgery, the authentication indicia must be substan- 
tially imperceptible not only to copying instruments 
using reflected light, but also to the naked eye In 
ambient reflected light If authentication indicia w re 
visible to the naked eye in reflected light, they could 
be placed artificially on the face of a forgery even 
though they were not copyable by an instrument Of 
course, however, by definition the authentication Indi- 


cia must be easily detectable by other means so that 
ther is a way for the authenticity of the document to 
be confirmed. One way that this can be achieved, for 
example, is by rendering the auth ntication indicia 

5 only readDy visible in transmitted light 

The subject invention is directed to a security 
paper having authentication indicia which Is not 
clearly visible to the eye and not reproducible by 
instruments using reflected light but which is other- 

10 wise detectable, e.g. under another condition of radi- 
ation, e.g. by being visible or optically readable in 
transmitted light or magnetically detectable. Or it may 
be obscured by information on an outer surface and 
revealed by any attempt to remove said information. 

16 The invention is also directed to the method of man- 
ufacturing the security paper which overcomes the 
disadvantages of the prior art processes. 

SUMMARY OF THE INVENTION 

20 

In accordance with the invention, as broadly des- 
cribed herein, a security paper comprises a lami- 
nation of at least two layers of paper having inner 
surfaces permanently affixed together and an authen- 

25 tication indicator disposed e.g. printed, on at least one 
of said inner surfaces. The layers form a laminate with 
said authentication indicator being disposed therebet- 
ween. The authentication indicator is substantially 
imperceptible in reflected light but detectable in trans- 

30 mitted light or by other means. 

The invention is also directed to a method of man- 
ufacturing composite security paper comprising the 
steps of providing at least two layers of paper each 
having an inner surface and an outer surface. An 

35 authentication indictor is printed on said inner surface 
of at least one of said layers. Adhesive Is applied to 
at least one of said inner surfaces of said layers and 
the respective inner surfaces of said layers are adhe- 
sively joined to form a lamination. The authentication 

40 indicator is provided to be detectable in transmitted 
light or by other means and substantially impercept- 
ible in reflected light 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

The present Invention will become more fully 
understood from the detailed description given 
hereinbeiow and the accompanying drawings which 
are given by way of illustration only, and thus are not 
so limitative of the present invention, and wherein: 

Figure 1 is an enlarged partially cutaway perspec- 
tive view of security paper manufactured in 
accordance with th invention; 
Figure 2 is a schematic side view of an apparatus 
55 for performing the method of th invention; 

Figure 3 is an enlarged partially cutaway perspec- 
tive view of a econd mbodiment of the present 
Invention wherein the authentication is magn ti- 
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cally detectable; and 

Figure 4 is an enlarged partially cutaway perspec- 
tive view of a third embodiment of the present 
Invention wherein the authentication is a Univer- 
sal Product Code (UPC). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the pre- 
sent preferred embodiments of the invention, exam- 
ples of which are illustrated In the accompanying 
drawings. The security paperaccording to one aspect 
of the invention comprises at least two layers of paper 
each having an inner surface and an outer surface 
and predetermined mechanical properties, color and 
optical properties or characteristics. A number of 
terms may be used to explain the optical properties or 
characteristics of the paper and authentication indi- 
cator printed thereon. Opacity could be utilized to des- 
cribe the property wherein the paper has mechanical 
properties, color and thickness to be substantially 
impervious to the rays of reflected light while permit- 
ting detection of the authentication indicator by utiliz- 
ing transmitted light Another term to describe the 
optical properties or characteristics would be optical 
density. Optical density is defined as the degree of 
optical opacity of the paper which relates to the thick- 
ness of consistency and impenetrability to thus be 
substantially impervious to rays of reflected light wh Be 
permitting detection of the authentication by utilizing 
transmitted light 

The use of the term reflected light relates to tight 
that impinges upon the paper from overhead in a nor- 
mal room environment or light exposed on the paper 
for a predetermined time interval by a photocopy or 
reproduction machine. The use of the term transmit- 
ted light relates to light that projects through the paper 
by holding the paper up to a light source and looking 
through the paper. An individual may use transmitted 
light to detect a paper watermark. 

The following discussion of the invention will 
utilize the term optical density to describe the charac- 
teristics of the paper and the authentication indicator. 

As embodied herein and depicted in Figure 1, the 
security paper comprises one layer of paper 10 hav- 
ing an inner surface 12 and an outer surface 14 and 
another layer of paper 16 having an inner surface 18 
and an outer surface 20. Although the Invention is 
described in conjunction with laminations including 
two layers of paper, the invention contemplates sec- 
urity paper structures incorporating multiple layers of 
paper and/or nonwoven materials laminated together. 

Th nature and composition of th paper lay rs 
10, 16 may be varied depending upon th ultimate 
intended us of the security paper. The layers may be 
substantially identical if desired or they may be diffe- 
rent, e.g. having different compositions. Thus, each 


layer 10, 16 may have identical mechanical proper- 
ties, basis weight, color and optical density or the 
characteristics .g. mechanical properties, color, opti- 
cal density, of each layer may be different to achieve 
s desired or necessary effects in the resulting security 
paper lamination. For example, in a security paper 
having a basis weight of 50 pounds per ream (3000 
ft 2 ), each layer 10, 16 may have a basis weight of 
approximately 25 pounds per ream or one layer could 
10 have a basis weight of 40 pounds per ream and the 
other a basis weight of 10 pounds per ream. 

The characteristics of each layer of paper 10, 16, 
such as fold strength, tensile strength, wet tensile 
strength, tear strength, burst strength, optical density, 
15 and color properties will be determined based upon 
the desired characteristics of the resulting laminated 
security paper and, as for optical density and color 
properties, upon the desired optical relationship with 
the other components of the security paper. 

One or both of layers 10, 1 6 may be formed of lig- 
nocelluloslc fiber, cotton fiber, flax fiber or other 
known natural and synthetic fibers and combinations 
thereof. 

In an example of security paper of the Invention 
intended for use as currency, each layer of paper 1 0, 
16 is formed from a blend of cotton and linen fibers, 
and is size pressed on the outer surfaces 14, 20 to 
provide printabpity and feel. In this example, inner sur- 
faces 12, 18 are not size coated, although the inner 
surfaces could be size coated where the selected siz- 
ing does not interfere with adhesive bonding of the 
layers to form the laminate. 

Any known process for forming and finishing 
paper sheets may be used to make layers 10, 16. 
Preferably, a wet fibrous web Is formed from a fiber 
slurry, dried and pressed, to form the web of paper 
which is eventually cut into sheets. The slurry or fur- 
nish may include a variety of additives designed to 
adjust the mechanical properties, the color, the optical 
density, the light scattering characteristics, or the light 
absorption characteristics of the web. Any combi- 
nations of such additives may be used to achieve the 
desired end result which will be dictated by the inten- 
ded use of the resulting laminated security paper and 
the characteristics of the other components of the 
lamination. Additives such as dyes, pigments, sizing, 
retention aids, fillers, wet strength enhancers and the 
like may be used to adjust the mechanical character- 
istics, the color and the light transmission, absorption 
and reflection of the web. 

In the example, wet or dried lap pulp comprising 
about 25% bleached flax fiber and the remainder 
cooked rags is conveyed to a standard hydropulper 
and slushed to approximately 6 to 7% solids. The pH 
may be adjusted as appropriate. Th pulps are sub- 
sequently transferred to a storage chest where they 
are reduced to between about 3% and about 5% sol- 
ids. 
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The pulps are then refined to promote fiber hyd- 
ration and to impart fibrillation. Various types of refin- 
ing may be used. In this example, th pulp is refined 
in a series of cycles. The refining steps will vary 
depending upon the fiber Involved, the desired end 6 
strength of the paper, and other known factors affec- 
ted by refining. It is known, for example, that highly 
refining pulp increases the light transmission charac- 
teristics of the resulting paper. In order to obtain the 
required optical density, pulp refining, among other 
processing steps, must be adjusted to achieve the 
desired light scattering and transmission character- 
istics without compromising the necessary paper 
strength. 

Manufacture of the paper webs for the example 
discussed above proceeds on a paper machine. Wet 
strength additive is added to the furnish to improve 
durability and launderability of the product Sufficient 
water is added to the furnish to ensure good formation 
on the wire. Using standard paper making techniques, 
the webs of paper 10, 16 are formed at a basis weight 
approximately half that of the intended security paper 
laminate. 

The paper web may be size press treated on one 
or both surfaces with treatments that Include binders, 
fillers, viscos'rfiers, plasticizers, pH modifiers and the 
like to further enhance the paper properties. In the 
example, the outer surface of each layer is press 
sized; preferably the outer surface of the layer is the 
wire side. The size press formulation in this example 
contains a binder such as animal glue, a plasb'cizer 
such as glycerine or urea, and a cross-linker such as 
melamine formaldehyde. 

In accordance with the invention, authentication 
indicia are printed on the inner surface of at least one 
layer of paper, the indicia being formed of a chemi- 
cally, mechanically and thermally stable medium hav- 
ing a predetermined color, color intensity and optical 
density. As depicted in Figure 1, an authentication 
indicator 24 includes indicia 22 disposed on an inner 
side 12 of sheet 10. The indicia 22 is printed in chemi- 
cally, mechanically and thermally stable Ink having-a 
predetermined color, color intensity and optical den- 
sity. 

While the term indicia is plural, and indeed in most 
instances more than one indication of authenticity 
would be used, the term as used herein is intended to 
encompass a single indication of authenticity where 
the context permits. The Invention contemplates any 
indicia which can be printed on the surface of a 
finished layer of paper, preferably in ink, although 
other media may be used, and preferably printed by 
a rotating cylindrical printing plate for economy and 
efficiency of production. 

The indicia may take the form of graphics, such 
as the large numeral 27 depicted In Figure 1 , pictures, 
logos, stripes, optically readable characters, .g. bar 
codes, as illustrated in Figure 4, and ther desirabl 


patterns and shapes. The Indicia may include a sec- 
urity stripe, with or without micro-characters, which is 
disposed in a predetermined spaced relation to at 
least one edge of the security paper. Ink may be used 
to print half-tone graphics which when viewed in 
transmitted light may have the appearance of a water- 
mark. Indeed, in combination with other indicia printed 
in ink or other similar media, graphics similar to water- 
marks may be printed on the papersheet by using oil 
or other chemical treatments as the printing medium. 
The printing medium may be or include materials 
which can be magnetically sensed or which fluoresce 
in the presence of ultraviolet light 

Various combinations of Indicia may be printed 
either in one printing operation using a single plate or 
in a series of printing operations. The invention con- 
templates printing indicia on the Innersurfaces of both 
layers of paper which when laminated together may 
overlap to create unique graphic patterns or may be 
spaced to provide two or more Indicia in the lami- 
nation. 

The media used to print the indicia must be suffi- 
ciently stable to resist chemical, mechanical and ther- 
mal degradation. These characteristics will depend in 
part on the intended use of the resulting security 
paper laminate. Documents such as currency, negoti- 
able instruments, receipts, etc. which are subjected to 
wide use, frequent folding, spindling or other muti- 
lation require a media which wQI resist such mechani- 
cal forces. Of course, to inhibit forgery, the media 
must resist thermal and chemical degradation. This 
resistance is considered sufficient if tt is the same or 
better than the resistance of the paper to the same 
degradation. In such event, efforts to degrade or 
affect the media will sufficiently degrade the paper to 
make the tampering efforts evident 

The preferred medium is ink. The ink selected 
must have the required degradation characteristics 
and must be capable of being printed using the des- 
ired apparatus. The selected Ink, or other media, must 
also be chemically and mechanically compatible with 
the selected paper and adhesive. The color, color in- 
tensity and optical density of the ink, or other media, 
will be selected as described below to achieve the 
desired chromatic and light absorption, transmission 
and reflection characteristics. Preferably, the vis- 
cosity and the color, the intensity and the optica) den- 
sity of the selected ink, or other media, are adjustable 
during the printing operation to achieve the desired 
characteristics. 

In the example discussed above, the ink used 
was Permaprint Ink available from the ink division of 
the James River Paper Company. This particular Ink, 
which incorporates a proprietary binder system of 
James River, has chemical, mechanical and thermal 
resistance properties specifically designed for pack- 
aging of chemical specialties. Since this ink is nor- 
mally formulated for surface printing applications, Its 
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performance for use in making a lamination for sec- 
urity paper can be Improved, as will be understood by 
those skilled In the art by eliminating slip additives r 
lubricants such as wax or silicones or similar compo- 
nents commonly added to provide slip and scuff resi- 
stance, but which would tend to inhibit adhesion. 

In accordance with the invention, the security 
paper comprises chemically, mechanically and ther- 
mally resistant adhesive permanently adhering the 
inner surfaces of the layers together, the adhesive 
having a predetermined color and optical density. As 
depicted in Figure 1, adhesive 26 is disposed be- 
tween adjacent inner surfaces 12, 18 of layers 10, 16. 
As with the printing medium, the adhesive must be 
chemically, mechanically and thermally stable to res- 
ist degradation. The adhesive should have sufficient 
resistance to degradation such that any effort to 
chemically solubilize the adhesive, mechanically 
break the adhesive, thermally separate the adhesive, 
or otherwise de-laminate the security paper would 
sufficiently degrade the security paper to make the 
tampering efforts evident Adhesives meeting these 
criteria, if properly applied, will permanently adhere 
the paper layers in the security paper laminate as that 
term is used herein. The adhesive also must be com- 
patible with the paper and printing medium and must 
be capable of efficient application in the selected 
apparatus. 

While any adhesive meeting the performance 
criteria may be used, preferred adhesives have 
chemically inert backbones and are cross-linkable to 
provide thermal resistance. The adhesive should 
have sufficient cross-link density to provide chemical 
and thermal resistance and should be flexible enough 
to avoid a brittle laminate. The adhesive may be 
selected from the group including carboxyiated 
polymers, thermosetting acrylics, or N-methylol 
acrylamlde interpolymers. The adhesive may be a 
thermosetting acrylic composition based on acrylic 
copolymers cross-linked with epoxies, melamine for- 
maldehydes, isocyanates, or carboxylic acids; or a 
thermosetting composition based on acrylamide inter- 
polymers with formaldehyde; or a carboxyiated 
styrene butadiene polymer cross-linkable with 
melamine formaldehyde. Specific adhesives fitting 
this criteria can be formulated using Airflex 420, 
Airflex 421 or Vinac 281 from Air Products Company, 
S303-283C from Bostik, 2R001 from Swift Company, 
WS3352RB or 42-2151 from National Starch, 216 
from Goodyear, Gen-Flo 3070 from Gen Corp., or 
Tytac 68414 and 68067 from Reichold Corp. 

Additives may be added to the adhesfv to 
achiev th desired color and optical density charac- 
teristics. For exampi , dyes or pigments may be 
added t affect the light transmission, reflection and 
absorption characteristics of the adhesive. 

in accordance with the Invention, the color and 
optical density of the layers, the color, color intensity 


and optical density of the medium, and the color and 
optical density of the adheslv combine to render the 
authentication indicia substantially optically imp r- 
ceptibie In reflected light and optically perceptible In 
5 transmitted light The color and optical density of 
layers 10, 16, the color, color intensity and optical 
density of the ink used to print the authentication indi- 
cator 24 by using indicia 22 and the color and optical 
density of adhesive 26 are all selected to combine to 
render the authentication indicia not readily visible in 
reflected light, such as visible ambient light or the ref- 
lected light used In photocopiers and optical scan- 
ners. 

This embodiment of the invention is directed to a 
balancing of the different light characteristics of the 
elements of the security paper laminate to render the 
indicia imperceptible in reflected light and detectable 
in transmitted light Light incident on a paper laminate 
is subject to reflection, absorption and transmission. 
The greater the reflection and absorption, the more 
opaque the laminate appears. Reflection consists of 
surface reflection and diffuse reflection. Surface ref- 
lection may be adjusted by altering the exterior sur- 
face of the laminate. Diffuse reflection affects that 
portion of incident light which is not surface reflected 
but enters the paper laminate and is scattered due to 
refraction and internal reflection. Scattering depends 
upon the number of times light must pass from one ref- 
ractive index to another. Scattering also affects light 
transmission. If light is transmitted through an object 
without scattering, the object generally appears trans- 
parent Paper generally diffusely transmits light due to 
scattering; such diffusely transmitted light makes it 
appeartranslucent Absorbed light is converted by the 
material into another form of energy. Some materials 
absorb light of only certain wavelengths, reflecting the 
remainder. In the visible light spectrum, materials 
which do not absorb light appear white or colorless as 
if transparent whereas objects which absorb all light 
in the visible spectrum appear gray or black. In be- 
tween these extremes, materials appear to have col- 
ors within the visible spectrum depending upon the 
wavelength absorbed and reflected. 

These basic principles are applied to achieve the 
desired combination of light characteristics which ren- 
der the indicia in the security paper laminate imper- 
ceptible in reflected light but perceptible in transmitted 
light The structure of the paper layers, tor example, 
is adjusted to enhance scattering of diffuse reflection. 
The chemical contents of the paper layers are adjus- 
ted to affect light absorption and diffuse transmission. 
For example, dyes or pigments may be added to the 
paper to absorb certain wavelengths of visibl light 
resulting in th appearance of a particular color. In 
one example, the paper layers may have an optical 
density of up to 80% and L*, a*, and b* values of 
89.3, -3.0 and 1 1.9, respectively. 

Th same principles apply to the selection of the 
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adhesive and th indicia medium. The color, color in- 
tensity and pticald ns'rtyofthe medium and th color 
and optical density of th adhesive ar selected to 
balance with the paper layers to achieve the desired 
effect In the example, the medium is ink formulated 5 
to have high optical density in transmitted light and its 
L* f a* and b* values closely matched to those of the 
paper layers. The selected adhesive may also have 
similar L* v a* and b* values or the values may be 
adjusted, such as for example by adding dyes or pig- 
ments, to compensate for color differences between 
the paper and the medium. 

Applying these principles with a variety of combi- 
nations of paper, adhesive and indicia media provides 
great flexibility in generating security paper laminates 
designed for particular uses and for specific authenti- 
cation systems. The principles may be used to 
balance the optical characteristics of the security 
laminate with the optical characteristics of a medium 
printed in areas on the outer surface of the security 
laminate. In some documents, such as negotiable 
instruments, certain exterior surface areas are desig- 
nated for placement of critical information, such as the 
amount of a check. With proper positioning of an indi- 
cia on the inner surface of a layer to correspond with 
the critical area on the outer surface of the laminate 
and proper selection of the medium for that indicia and 
the medium used to cover the outer areas of the lami- 
nate, the indicia would be substantially imperceptible 
in reflected light However, any attempt to remove 
critical information, either chemically or mechanically, 
could result in removal of the medium on the outer sur- 
face rendering the indicia visible. Even in this 
example, the indicia could be perceptible in transmit- 
ted light 

A presently preferred method of manufacturing 
the security paper in accordance with the invention 
comprises the steps of providing at least two webs of 
paper each having inner and outer surfaces and pre- 
determined mechanical properties, color and optical 
density; printing authentication indicia on the inner 
surface of at least one web in a chemically, mechani- 
cally and thermally stable medium having predeter- 
mined color, color intensity and optical density; 
applying chemically, mechanically and thermally 
stable adhesive to the inner surface of at least one 
web; adhesively joining the respective inner surfaces 
of the sheets in registration to form a lamination and 
curing the lamination. 

As discussed above, the paper webs may be 
made using standard paper making techniques 
including forming a wetfibrous web from a fiber slurry 
and drying, pressing and curing the web to form the 
paper layers which are thereafter cut into sheets. Th 
fib r slurry may includ Ugnoceilulosic, cotton, flax or 
other natural r synthetic fibers and various additives 
designed to effect th mechanical and optical proper- 
ti s of the paper. Also, as discussed above, a size 


coating may b placed on one or both sides of on r 
more webs. 

A presently preferred apparatus for forming the 
security paper lamination of the invention is depicted 
in Figure 2. Roll 30 of paper is disposed to be continu- 
ously fed in a machine direction into coater-laminator 
apparatus 32. Web 10' which provides paper layer 10 
in the product laminate is wound on-roll 30 with inner 
surface 12' being positioned inwardly. Web 1 0* is con- 
veyed to a central impression drum 34 and then to a 
nip 36 defined between a printing cylinder 38 and the 
central impression drum 34. The inner surface 12' is 
disposed adjacent to the printing cylinder 38. A print- 
ing medium, such as ink, is conveyed from reservoir 
40 by aniiox roll 42 to printing cylinder 38. The vis- 
cosity of the ink in reservoir 40 is preferably adjusted 
to a printable viscosity by adding water. The concen- 
tration of dyes and/or pigments is adjusted to achieve 
the desired color intensity and optical density. Aniiox 
roll 42 preferably is etched at about 200 Q to about 
360 Q. 

The surface of printing cylinder 38 is designed to 
reproduce the desired authentication indicia onto the 
inner surface 12' of web 100 in a manner which com- 
pensates for paper shrinkage and in a predetermined 
position with respect to the cross machine edges of 
web 10'. The web 10' is guided through the nip 36 to 
assure accurate placement of the authentication indi- 
cia. After printing, web 100 may be conveyed over pla- 
ten heaters 44 to dry the printing. 

Preferably, a second web 16', which provides 
paper layer 16 in the product laminate, is unwound 
from another roil (not shown) and simultaneously fed 
into apparatus 32 from an opposite direction into nip 
46 defined between an aniiox roll 48 and backing roll 
52. Web 16' is conveyed such that an inner surface 
18' is disposed adjacent to the aniiox roll 48. A selec- 
ted adhesive is contained In reservoir 50 and con- 
veyed to the aniiox roll 48. Aniiox roll 48 preferably 
has an etch pattern of about 50 Q to about 95 Q and 
transfers adhesive at a rate of about 2 or 3 to about 
1 2 pounds, preferably about 3 to about 7 pounds and 
more preferably about 4 to about 6 pounds, per ream 
(3000ft 2 ) of web 16', depending upon the end use 
requirements for the security paper laminate. 

Web 16' is joined with web 10* at nip 54 defined 
between backing roll 52 and impression drum 34 in 
such a manner as to place the inner surfaces 12 7 , 1 8' 
in contiguous registration. Preferably, the cross 
machine dimension of web 1C is slightly larger than 
that of web 16' so that web 10* extends beyond the 
opposed edges of the lamination to receive excess 
adhesive squeezed out during the joining step and to 
preventadhesiv from being deposited on the impres- 
sion drum 34. 

Th formed wet lamination 56 is th n conveyed to 
a dryer 58 and thereafter to a heated combining drum 
(n t shown) where final lamination is effected by heat 
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and pressure. The combining drum is heated at a pre- 
determined temperature and imposes a laminating 
pressure. This final lamination step initiates cross- 
linking of the adhesive and Irons out wrinkles in the 
lamination 56. After the combining drum, lamination 
56 may be passed over other heated rolls and subse- 
quently rewound. Lamination 56 may be dampened 
prior to rewinding to replace moisture lost during the 
lamination process. If the cure mechanism of the 
selected adhesive has a low reaction rate, the roils of 
lamination may be post cured in a heated chamber. 

After the adhesive has sufficiently cured for the 
lamination to be handled, the lamination may be slit to 
the finished width on a rewinder incorporating conven- 
tional electronic eye technology to ensure that the slit- 
ter blades slit the paper in registration with the 
authentication indicia Thereafter, the slit rolls may be 
sheeted on a standard mill cutter to desired lengths. 
If the authentication indicia does not have to be regis- 
tered in the machine direction, the sheeting step is not 
particularly critical. On the other hand, if the authenti- 
cation indicia includes graphics which are not continu- 
ous in the machine direction, the sheeting step will 
require registration control to ensure print to sheet 
registration. 

While the depicted apparatus involves printing on 
one surface of one layer and applying adhesive on 
one surface of the other layer, other alternative 
apparatus may be used permitting printing of authen- 
tication indicia on the inner surfaces of both sheets 
and applying adhesive to the inner surfaces of both 
layers. The lattermay be appropriate where a two-part 
adhesive is used. Indeed, apparatus could be used 
which permits simultaneous printing on the outer sur- 
faces of the paper sheets during the lamination pro- 
cess or sequential printing on the outer surface of the 
security paperafter lamination. Printing of the authen- 
tication indicia may also be accomplished by means 
other than an inline printing process, such as, for 
example, offset lithograph printing or by flexographic 
or rotogravure printing. Also, the adhesive may be 
applied by many other known methods such as spray- 
ing, extrusion, flexographically, by rotogravure and by 
padding in addition to roll coating. 

Figure 3 is another embodiment of the present 
invention wherein a layer of paper 110 includes an 
inner surface 112 and an outer surface 114. Another 
layer of paper 1 1 6 includes an inner surface 118 and 
an outer surface 120. An adhesive material 126 is 
utilized to secure the inner surfaces 1 12, 1 18 together 
to form a laminated security paper. An authentication 
indicator 124 may be provided at a predetermined 
location on the inner surface 1 12 of the layer 110. The 
authenticati n indicator 124 may consist of magnetic 
material 122 to permit det ctabQity and thus authen- 
ticate the security paper. The magnetic material 122 
may be machine readable to enabl th automatic 
detection, counting and authentication of the security 


paper. 

Figure 4 illustrates another embodiment of the 
present invention wherein a layer of paper 210 
includes an inner surface 212 and an outer surface 

5 214. Another layer 21 6 includes an inner surface 21 8 
and an outer surface 220. Adhesive material 226 sec- 
ures the layers 21 2 and 21 6 relative to each other. An 
authentication indicator 224 is provided for identifying 
the security paper. A Universal Product Code 222 

10 may be provided as the authentication indicator 224 
so as to permit automatic detection, counting and 
authentication of the security paper. 

In addition, the security paper may be construc- 
ted to be a lamination which is opaque to visible tight 

15 The authentication indicia may be imperceptible to 
either reflected or transmitted light or radiation. The 
laminated security paper would be constructed to be 
translucent to non-visible light The authentication 
indicator may be detectable by the non-visible light so 

20 as to be detectable in an appropriate optical Instru- 
ment operating in the non-visible light wavelength. 

The invention being thus described, it will be obvh 
ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 

25 the spirit and scope of the invention, and all such mod- 
ifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 
lowing claims. 


1 . A security paper comprising: 

a first layer of paper having an inner sur- 
ds face and an outer surface; 

a second layer of paper having an inner 
surface and an outer surface; and 

an authentication indicator disposed on an 
inner surface of at least one of said layers of 
40 paper; 

the inner surfaces of said layers of paper 
being affixed relative to each other to form a lami- 
nation with said authentication indicator being 
disposed therebetween and said authentication 
45 indicator being substantially imperceptible in said 
security paper in reflected light 

2. A security paper according to claim 1 in which 
said authentication indicator is detectable in said 

so security paper by submitting the paper to exami- 
nation by radiation, other than in reflected light 

3. A security paper according to claim 2 in which 
saidauth ntication Indicator is detectable in said 

55 paper by at least on of the following means, 
namely in transmitted radiation in the visible 
spectrum, under non-visible irradiation and mag- 
netically. 
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4. A security paper according to claim 1 r claim 2 
or claim 3 wherein said authentication indicator is 
a d tectable univ real product cod . 

5. A security paper as claimed in any one of claims 5 
1 to 4 further including adhesive affixing said 
inner surfaces of said layers of paper together. 

6. A security paper according to claim 5 wherein the 
adhesive has greater resistance to chemical, 10 
thermal and mechanical degradation than said 
layers. 

7. A security paper according to claim 5 or claim 6 
wherein the adhesive is a thermosetting adhe- is 
sive. 

8. A security paper according to any one of claims 
5 to 7 wherein the adhesive is selected from car- 
boxyiated polymers, thermosetting acrylics and 20 
N-methylo) acrytamide interpolymers. 

9. A security paper according to any one of claims 
5 to 8 wherein the adhesive includes a pigment or 
dye. 25 

10. A security paper according to any one of claims 
1 to 9 wherein the light scattering, absorbtion ref- 
lectance and transmission characteristics of the 
layers, authentication Indicator, and adhesive 30 
where present, are such that said indicator is 
detectable in said paper in transmitted light but 
substantially imperceptible in said paper in reflec- 
ted light of visible wavelength. 

35 

11. A security paper according to any one of claims 

1 to 9 wherein the color and optical characteristics 
of the layers, and adhesive where present, and 
the color, color intensity and optical character- 
istics of the authentication indicator are such that 40 
said indicator is detectable in said paper in trans- 
mitted light but substantially imperceptible in said 
paper in reflected light of visible wavelength. 

1 2. A security paper as claimed in any one of claims 45 

2 to 9 wherein said authentication indicator is 
fluorescent 

13. A security paper as claimed in claim 12 when said 
authentication indicator fluoresces In ultra violet so 
light 

14. A s curity paper according to any one of claims 
1 to 13 wherein at I astoneofsaidlayersofpap r 
includes a dye or pigment ss 

15. A security paper according to any one of claims 
1 to 14 wherein said authentication indicator com- 


pris s indicia printed on an inner surface f at 
I ast ne of said layers of paper. 

16. A security paper according to claim 15 wherein 
said indicia are printed In ink. 

17. A security paper according to any one of claims 
1 to 16 wherein said authentication indicator com- 
prises first authentication indicia printed in a first 
medium and second authentication indicia prin- 
ted in a second medium, said indicia being printed 
on at least one of said layers of paper. 

18. A security paper according to claim 17, wherein 
first authentication indicia are printed on the inner 
surface of one layer in a first medium; and second 
authentication indicia are printed on the inner sur- 
face of the other layer in a second medium. 

1 9. A security paper according to claim 1 7 or claim 1 8 
wherein said second medium is substantially the 
same as said first medium. 

20. A security paper according to claim 17, 18 or 19 
wherein said second authentication indicia com- 
prise a watermark and the second medium is oil 
or a chemical treatment 

21. A security paper according to any one of claims 
1 to 20 wherein said authentication indicator 
includes at least one of the following; namely, a 
halftone design; a stripe disposed in a predeter- 
mined spatial relation to at least one edge of said 
at least one layer; and opticaDy readable charac- 
ters. 

22. A security paper is claimed in claim 5 comprising: 

a lamination of a plurality of layers of 
paper, each said layer having predetermined 
mechanical, color and optical characteristics, 
said lamination including adhesive permanently 
adhering interior surfaces of said sheets together 
to form said lamination, said adhesive having pre- 
determined color and optical characteristics and 
having greater resistance to chemical, thermal 
and mechanical degradation than said layers; 
and 

authentication indicia printed in a chemi- 
cally, thermally and mechanically stable medium 
on at least one interior surface of at least one of 
said layers, said medium having predetermined 
color and optical characteristics; 

the color and optical characteristics of said 
layers, said adhesive and said medium combin- 
ing to render said authentication indicia detect- 
able in transmitted light but substantially 
imperceptible in reflected light of visible 
wavelength. 
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23. A method of manufacturing composite security 
paper as claimed in any on of claims 1 to 23 said 
method comprising th steps of: 

providing at least two layers of paper each 
having an inner surface and an outer surface; 5 

printing said authentication indicator on 
said inner surface of at least one of said layers; 

applying adhesive to at least one of said 
inner surfaces of said layers; and 

adhesively Joining the respective inner sur* 10 
faces of said layers to form a lamination. 

24. A method according to claim 23 wherein said 
printing step uses offset printing, flexographic 
printing, or rotogravure printing. is 

25. The method according to claim 23 or claim 24 
wherein adhesive is applied flexographically or by 
rotogravure. 

20 

26. A document authentication system comprising: 

a document comprising a lamination of a 
plurality of layers of paper, each said layer having 
predetermined mechanical, color and optical 
characteristics, said lamination including adhe- 25 
sive permanently adhering inner surfaces of said 
layers together to form said lamination, said 
adhesive having predetermined color and optical 
characteristics and having greater resistance to 
chemical, thermal and mechanical degradation 30 
than said layers; and 

authentication indicia printed in a chemi- 
cally, thermally and mechanically stable medium 
on at least one interior surface of at least one 
sheet, said medium having predetermined color 35 
and optical characteristics; 

the color and optical characteristics of said 
sheets, said adhesive and said medium combin- 
ing to render said authentication indicia detect- 
able in transmitted light of a predetermined 40 
wavelength and substantially imperceptible in ref- 
lected light of visible wavelength; 

a source of light of said predetermined 
wavelength; and 

means permitting selective placement of 45 
said document In position to transmit theret- 
hrough said light of predetermined wavelength. 
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